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AIMS
Cathepsin C (CTSC) is necessary for the activation of several serine proteases including neutrophil elastase (NE), cathepsin G and
proteinase 3. GSK2793660 is an oral, irreversible inhibitor of CTSC that is hypothesized to provide an alternative route to achieve
NE inhibition and was tested in a Phase I study.

METHODS
Single escalating oral doses of GSK2793660 from 0.5 to 20mg or placebo were administered in a randomized crossover design to
healthy male subjects; a separate cohort received once daily doses of 12 mg or placebo for 21 days. Data were collected on safety,
pharmacokinetics, CTSC enzyme inhibition and blood biomarkers.

RESULTS
Single, oral doses of GSK2793660 were able to dose-dependently inhibit whole blood CTSC activity. Once daily dosing of 12 mg
GSK2793660 for 21 days achieved ≥90% inhibition (95% CI: 56, 130) of CTSC within 3 h on day 1. Only modest reductions of
whole blood enzyme activity of approximately 20% were observed for NE, cathepsin G and proteinase 3. Seven of 10 subjects
receiving repeat doses of GSK2793660 manifested epidermal desquamation on palmar and plantar surfaces beginning 7–10 days
after dosing commencement. There were no other clinically important safety findings.

CONCLUSIONS
GSK2793660 inhibited CTSC activity but not the activity of downstream neutrophil serine proteases. The palmar–plantar epi-
dermal desquamation suggests a previously unidentified role for CTSC or one of its target proteins in the maintenance and in-
tegrity of the epidermis at these sites, with some similarities to the phenotype of CTSC-deficient humans.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Cathepsin C is a key activator of the proenzymes of several neutrophil granule-associated serine proteases, such as
neutrophil elastase.

• There is currently very limited clinical evidence on the precise role and importance of cathepsin C in human disease.
• Inhibition of cathepsin C could offer an alternative approach to neutrophil elastase inhibition by reducing the produc-
tion of activated proenzyme in neutrophils and other cells.

WHAT THIS STUDY ADDS
• In a first-time-in-human study, GSK2793660, an oral, irreversible inhibitor, inhibited whole blood cathepsin C activity in
a dose-dependent manner.

• The unexpected finding of palmar–plantar epidermal desquamation on repeat dosing with GSK2793660 suggests a previ-
ously unidentified role for cathepsin C or one of its target proteins in the maintenance and integrity of the epidermis at
these sites.

Introduction
Cathepsin C (CTSC) or dipeptidyl peptidase I (DPPI, EC.
3.4.4.9) has been identified as the key activator of the proen-
zymes of several neutrophil granule-associated serine prote-
ases (NSPs): neutrophil elastase (NE), cathepsin G
(CTSG) and proteinase 3 (PR3) [1–3]. CTSC also plays a role
in the activation of other leucocyte-derived serine proteases
including granzymes A& B, mast cell chymase, and neutro-
phil serine protease 4 [4]. The important role of CTSC in the
activation of the neutrophil proteases has been verified from
complete or near complete loss of function mutations of the
CTSC gene in humans associated with Papillon–Lefèvre syn-
drome (PLS) and Haim–Munk syndrome, rare autosomal re-
cessive diseases characterized by hyperkeratosis of the palms
and soles of the feet and severe periodontitis [5–9]. It has been
reported that PLS patients have a near complete loss of
neutrophil-derived NE, CTSG and PR3 activities and a moder-
ate (~50%) reduction in both Granzyme A and B activities.
Despite the lack of active NSPs, PLS patients do not manifest
significant immunodeficiency, suggesting that active NSPs
are not essential for neutrophil antimicrobial activity.

The biological functions of NSPs include degradation of
extracellular matrix, inflammatory cell recruitment, and in-
duction of mucus hypersecretion [10]. Direct inhibition of
NE has been of significant interest in respiratory diseases, in-
cluding cystic fibrosis, non-cystic fibrosis bronchiectasis and
chronic obstructive pulmonary disease, as well as other in-
flammatory diseases, that all have a common component of
an inappropriate, exaggerated inflammatory response during
which leucocytes release proteases and other cytotoxic prod-
ucts that cause tissue injury. Unfortunately, direct inhibition
of NE has proved challenging and no NE inhibitor has dem-
onstrated significant clinical efficacy [11].

Other than the genetic association with PLS, there is cur-
rently very limited clinical evidence on the precise role and
importance of CTSC in human disease. However, given the
importance of CTSC in the activation of NSPs, particularly
NE, inhibition of CTSC could offer an alternative approach
to NE inhibition by reducing the production of activated pro-
enzyme in neutrophils and other cells. To our knowledge,
only one other CTSC inhibitor has been evaluated in humans
(AZD-7986, NCT02653872) and results are not yet reported.
GSK2793660 is an irreversible, substrate competitive, potent
and selective CTSC inhibitor, with an IC50 value between

<0.43 and 1 nM against CTSC and a kinact/Ki value of 9.0 ×
104 M

�1 s�1. The effectively irreversible nature of
GSK2793660 inhibition of CTSC enables a high degree of en-
zyme inhibition that is maintained over a long interval. We
conducted a first-time-in-human, Phase I study to investigate
the safety, pharmacokinetics and pharmacodynamics of sin-
gle and repeat doses of GSK2793660 in healthy, adult
subjects.

Methods

First-time-in-human clinical trial design
(NCT02058407, GSK study no. 200186)
This was a two-part study conducted in healthy, adult sub-
jects. Part A (single dose escalation) consisted of two
interlocking cohorts of nine subjects each (Supplemental
Figure S1). It was planned that each subject in Cohorts 1
and 2 would take part in three single-dose study periods and
receive ascending dose levels of GSK2793660. Planned doses
across the two cohorts were 0.5, 1, 3, 10, 20 and 50 mg. Pla-
cebo control was maintained by using placebo replacement
for each subject in one of the treatment periods, according
to the prespecified randomization schedule. In each treat-
ment period, six subjects were assigned to GSK2793660 treat-
ment and three subjects were assigned to placebo treatment.
The decision to proceed to the next dose level of
GSK2793660 was made by the study team and the Investiga-
tor based on safety, tolerability and pharmacokinetic and en-
zyme inhibition data obtained in at least four active subjects
at the prior dose level.

For the repeat dose component of the study (Part B), up to
two cohorts of 15 subjects (10 subjects assigned to
GSK2793660, five subjects assigned to placebo) were to be en-
rolled (Supplemental Figure S1). It was planned that a single
dose strength of 12 mg, dosed once daily in Cohort 3 and
twice daily in Cohort 4 (total daily dose 24 mg), would be ex-
plored. Subjects in Cohort 3 also took part in a food effect as-
sessment. On Day 1, GSK2793660/placebo was administered
under fasted conditions. On Day 2 subjects received
GSK2793660/placebo following the standard Food and Drug
Administration high fat meal [12].

The study received favourable ethical opinion from the
Brent Research Ethics Committee (London, UK) as well as
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regulatory approval by the Medicines and Healthcare prod-
ucts Regulatory Agency. The study was conducted at
Hammersmith Medicines Research (London, UK) in accor-
dance with the revised Declaration of Helsinki (2008), Good
Clinical Practice and all applicable regulatory requirements.
Full written informed consent was obtained from all partici-
pants before the performance of any study-specific
procedures

Safety assessments
For each subject, adverse events and serious adverse events
were collected from the start of first dosing until the final
follow-up contact. Safety was monitored by themeasurement
of ECGs, vital signs, clinical laboratory assessments (clinical
chemistry, haematology and urinalysis), and assessment of
adverse events.

Pharmacokinetics and pharmacodynamics
Determination of GSK2793660 concentrations in human
plasma. GSK2793660 is unstable at pH > 4 and converts to
two thermodynamically more stable cyclised products;
therefore, to prevent this cyclization, all plasma standards,
quality control samples, validation and study samples
required acidification.

Plasma concentrations of GSK2793660 free base were de-
termined using a sensitive and selective validated liquid
chromatography–tandem mass spectrometry analytical
method following sample preparation by protein precipita-
tion (details of the assay methods are in the Supplemental
Material). The lower limit of quantification for the current
GSK2793660 assay was defined as 0.2 ng ml–1.

CTSC, NE, CTSG and PR3 enzyme activities were mea-
sured in samples from whole blood using validated methods.
Details of the assay methods are in the Supplemental
Material.

Statistical analysis
The primary objective of this study was to assess the safety
and tolerability of single and repeat oral doses of
GSK2793660, and as such no formal hypotheses were tested.
The sample size was based on feasibility and was deemed an

adequate number to provide an assessment of safety, PK and
PD prior to progression into longer duration studies.

Pharmacokinetic analysis
Pharmacokinetic parameters were calculated by standard
noncompartmental analysis using WinNonlin Pro 5.2 or
higher. All calculations of noncompartmental parameters
were based on actual sampling times.

Nomenclature of targets and ligands
Key protein targets and ligands in this article are
hyperlinked to corresponding entries in http://www.
guidetopharmacology.org, the common portal for data from
the IUPHAR/BPS Guide to PHARMACOLOGY [13], and are
permanently archived in the Concise Guide to PHARMA-
COLOGY 2015/16 [14].

Results
Thirty-three adult, healthy subjects were randomized into
the trial; subject disposition and demographics are outlined
in Table 1. All subjects completed the planned study. In Part
A (single doses), the planned doses were adjusted during the
study in response to emerging data; actual doses administered
were 0.5 mg, 2 mg, 6 mg, 12 mg and 20 mg. In Part B (repeat
dosing), the dose administered was 12 mg once-daily for
21 days.

Pharmacokinetics of GSK2793660
Following single dose administration of GSK2793660, maxi-
mum plasma concentrations of GSK2793660 were attained
at approximately 0.5 to 1 h post-dose (median estimates).
Thereafter, plasma concentrations of GSK2793660 declined
in a mono-exponential manner, with geometric mean termi-
nal elimination half-lives (t½) ranging from 0.6 to 1.7 h
across all dose levels (although t½ could not be estimated in
subjects at the lowest dose of 0.5 mg due to plasma levels fall-
ing below detectable limits shortly after Cmax; Figure 1).

Plasma concentrations following repeated once-daily oral
administration of 12 mg GSK2793660 are presented in
Figure 1. On Day 1 (fasted), Day 2 (following a high-fat meal),

Table 1
Baseline characteristics of study subjects

Part A

Part B

Placebo GSK2793660

All subjects, n (% male) 18 (89) 5 (100) 10 (100)

Age (years) mean (range) 41 (21–55) 30 (21–39) 34 (23–46)

Body mass index (kg/m2) mean (SD) 24 (2.7) 25 (1.31) 24 (2.74)

Race, n (%)

African-American/African Heritage 5 (28) 1 (20) 1 (10)

White/Caucasian/European Heritage 13 (72) 3 (60) 9 (90)

Asian/Southeast Asian Heritage 0 1 (20) 0
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and Day 21 (fasted and at steady state), plasma concentra-
tions of GSK2793660 were generally measurable up to 12 h
post-dose in most subjects; however, in all instances, concen-
trations fell below detectable limits within 24 h (i.e. before
the next dose). Following repeated once-daily oral dosing of
12 mg GSK2793660, there was a small degree of accumula-
tion in plasma, with an accumulation ratio of approximately
1.47 (90% CI: 1.24, 1.73). Selected PK parameters for single
and repeat dose are summarized in Table 2. Oral dosing of
12 mg GSK2793660 following a high-fat meal, resulted in a
1.6-fold increase in AUC (90% CI: 1.43, 1.80) with no change
in Cmax (1.06-fold, 90% CI: 0.71, 1.57).

Pharmacodynamics of GSK2793660
In Part A, maximum inhibition of whole blood CTSC activity
at each dose level was observed within 1–3 h of dosing
(Figure 2). At the 2 mg dose level, inhibition of CTSC ranged
between 22% and 74% compared with placebo across the

sampling time points from 1–144 h post-dose. The percentage
inhibition for the 6 mg, 12 mg and 20 mg single doses was
similar at each time point, and ranged from approximately
57 to 99% compared with placebo. At these three higher dose
levels, inhibition was maintained through the 144 h time
point and longer. Follow-up sampling revealed that by Day
14, CTSC enzyme activity was back to baseline levels.

Based on these data, a dose of 12 mg once daily was se-
lected for the first repeat dose cohort to ensure a high proba-
bility of observing complete inhibition of CTSC. Following
repeat dose administration of 12 mg GSK2793660, CTSC in-
hibition of 93% (95% CI: 56, 130) inhibition was observed
within 3 h of the Day 1 dose, compared with placebo. This
level of inhibition was maintained across the repeat dose
sampling period (Figure 2).

The impact of GSK2793660 on whole blood NSP activity
is shown in Figure 3. NE activity was reduced by 7–47% fol-
lowing repeat dose administration of 12 mg GSK2793660
compared with placebo. CTSG activity was reduced by up to

Figure 1
Plasma concentration time profiles of GSK2793660 following single doses (left) and repeat doses (right) of GSK2793660. Data are expressed as
mean concentrations ± 95% confidence intervals on a semilogarithmic scale

Table 2
Pharmacokinetic parameters for GSK2793660 following single and repeat doses

Treatment Cmax (ng ml–1)a AUC(0–24) (ng h ml–1)a tmax (h)b t1/2 (h)a

GSK2793660, 0.5 mg 1.04 (46.3) 0.326 (72.4) 0.5 (0.25–0.50) ND

GSK2793660, 2 mg 9.61 (31.1) 8.460 (36.8) 0.5 (0.25–1.00) 0.636 (14.0)

GSK2793660, 6 mg 24.53 (54.1) 47.967 (45.0) 1.0 (0.50–3.00) 1.415 (40.5)

GSK2793660, 12 mg 50.69 (41.5) 95.853 (47.9) 0.85 (0.50–3.00) 1.732 (30.1)

GSK2793660, 20 mg 126.36 (49.5) 255.883 (28.3) 0.75 (0.5–1.5) 1.631 (11.2)

GSK2793660 12 mg x 21 days Day 1 (fasted)

49.00 (61.8) 86.977 (41.9) 0.75 (0.50–1.50) 1.384 (24.9)

Day 2 (fed)

51.86 (42.4) 139.399 (27.1) 1.000 (1.00–3.00) 1.444 (20.9)

Day 21 (fasted)

72.56 (39.6) 127.591 (22.1) 1.00 (0.50–2.00) 1.566 (18.2)
aGeometric mean (CV%);
bMedian (range);
ND: not determined
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47% and proteinase 3 activity was reduced up to approxi-
mately 37% following repeat dose administration of 12 mg
GSK2793660 compared with placebo. For all of these mea-
surements, there was fluctuation across the time points such
that no consistent relationship between time and enzyme ac-
tivity levels could be determined.

Safety
A total of nine adverse events (AEs) in six subjects (33%) were
reported during Part A of the study. Of these, five were reported
after administration of placebo, and four following administra-
tion of GSK2793660 (Table S1). The only AEs considered drug
related were two episodes of dizziness. No subjects withdrew
due to an AE during the single-dose period. In Part B, 9 (90%)
of the 10 subjects who were administered repeat doses of
GSK2793660 reported 20 AEs (Table S1) vs. two (40%) subjects
reporting two AEs after receiving placebo.

Seven subjects receiving repeat doses of GSK2793660 ex-
perienced skin desquamation (peeling of the skin on the
hands, fingers and/or feet) that was considered a drug-related
AE by the investigator (Figure 4). These AEs began to emerge
approximately after 7–10 days of once-daily dosing with

12 mg GSK2793660, lasted for several weeks and were limited
to the palmar and plantar surfaces. The skin desquamation
was not associated with significant visual signs of inflamma-
tion, exudates or pain with the exception of one subject
who reported discomfort on his plantar surfaces during exer-
cise. All AEs associated with skin desquamation were consid-
ered mild in intensity by the study investigator. The follow
up period for the study was extended to allow the AEs to be
followed to resolution. All but one of these AEs was ultimately
confirmed as resolved (one subject was lost to follow-up).
Other drug-related AEs included dry skin, pruritis and pruritic
rash (reported in one subject each on GSK2793660) and skin
exfoliation reported in one subject on placebo. Despite the
skin findings, no subjects withdrew due to an AE.

There were no clinically significant changes in vital signs,
clinical laboratory assessments, or ECG readings. There were
no significant differences in either the exposure to
GSK2793660 or the percent CTSC inhibition between those
subjects who developed skin changes and those who did
not. The decision was made to stop the study based on
prespecified criteria for the frequency of adverse events, i.e.
two or more subjects experiencing AEs that were of moderate
or severe intensity and were consistent across subjects, and

Figure 2
Whole blood cathepsin C inhibition after single (left) and 21 days of repeat dosing (right) with placebo or GSK2793660 12mg once daily. Data are
expressed as adjusted means ± 95% confidence intervals

Figure 3
Whole blood activity of neutrophil elastase (left), cathepsin G (centre) and proteinase 3 (right) following 21 days repeat dosing with placebo or
GSK2793660 12 mg once daily. Data are expressed as adjusted means ± 95% confidence intervals

Epithelial desquamation and cathepsin C inhibition
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considered possibly drug-related by the study investigator.
Consequently, the planned final cohort of Part B (cohort 4)
was not conducted.

Discussion
GSK2793660 is one of the first CTSC inhibitors to be tested in
humans. The primary objective of the study was to assess the
safety and tolerability of single and repeat oral doses of
GSK2793660 in healthy subjects. Secondary objectives in-
cluded assessment of GSK2793660 pharmacokinetics and
pharmacodynamics (inhibition of CTSC enzyme activity
and the activity of downstream NSPs).

GSK2793660 exhibited a very short systemic half-life
(~1.5 h). While target mediated clearance cannot be ruled out
entirely, the current observations are more likely to stem from
saturable first pass extraction. This would explain the greater
than dose proportional exposure with single higher doses, in-
creased exposure with high fat meal, and some accumulation
with repeat dosing. Inhibition ofwhole bloodCTSCenzyme ac-
tivity was observed following all single doses tested, reaching a
maximal inhibition of approximately 80%. Although
GSK2793660 was rapidly cleared from the plasma, recovery of
CTSC enzyme activity in peripheral blood did not occur until
14 days following dose administration. This is consistent with
the irreversible mechanism of action of GSK2793660 (data not
shown) and the time needed for the maturation and release of
a new population of neutrophils from the bone marrow and
turnover of peripheral blood neutrophils [15].

CTSC enzyme activity is essential for the processing and
activation of NSPs in both animal models and in humans
[16, 17]. The human and animal evidence indicates that ex-
tensive loss of CTSC activity is needed to prevent activation
of NSP proenzymes [17–19]. CTSC �/+ mice and the CTSC
�/+ parents of PLS subjects have reduced CTSC, but either

no change in NSP activity [1], no symptoms related to CTSC
[7] or no loss of NSP activity / protein [17]. Together, the
animal and human data suggest that in vivo high levels of
inhibition of CTSC are necessary to achieve significant
downstream effects.

In vitro, variable levels of CTSC are needed to inhibit NE or
CTSG [1, 19]. Intravenous infusion of a CTSC inhibitor for
2 weeks achieved high levels of CTSC inhibition (> 90%)
but resulted in only 50–80% inhibition of NSPs [1]. Similarly,
in work from our group, in mice, nearly complete pharmaco-
logical inhibition of CTSC (96–100%) resulted in partial inhi-
bition of downstream NSPs [18]. There are few examples
where both CTSC activity and NSP activity were determined
in cases of CTSC loss of activity <90%. Recent studies con-
tinue to suggest high levels of inhibition (>75%) are required,
although the absolute levels are not completely consistent
across studies [20, 21]. We do not understand why the levels
of NSP inhibition in this study are so low, as 80% inhibition
of CTSC was achieved. It is possible that in humans, this level
is simply insufficient, unlike cellular studies or in vivo in other
species. Other possibilities are simply speculative, such as
compartmentalization of CTSC and inhibitor in such a way
that a CTSC compartment that is sufficient for NSP activation
remains active, or that the time course of neutrophil matura-
tion allows a sufficient window for generation of CTSC and
NSP activation between each dose, due to the particular
kinetics of this compound.

With once daily repeat dosing of 12 mg GSK2793660 for
21 days, only modest inhibition of whole blood NSP enzyme
activity was observed for any of the three downstream NSPs
evaluated. The modest inhibition of downstream NSPs ob-
served in this study does not support the hypothesis that
80% sustained CTSC inhibition would lead to reductions in
NSP activity [1, 18]. One could speculate that the residual
CTSC activity was sufficient to promote complete NSP activa-
tion during neutrophil maturation and that inhibition levels
would need to approach 100% to achieve an effect on NSP

Figure 4
Epidermal desquamation following 21 days repeat dosing with GSK2793660 12 mg once daily
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activation. We conducted extensive assay validation to con-
firm substrate specificity with selective inhibitors, and in-
cluded relevant controls. We cannot, however, exclude the
possibility that there are assay artefacts due to unidentified
enzymes in the cell lysate or sample processing.

The development of skin desquamation after 7–10 days
dosing with GSK2793660 in the healthy subjects was unex-
pected. CTSC-deficient mice develop normally and have no
skin abnormalities, and in preclinical toxicology studies both
rats and dogs dosed for up to 3 months with high doses of
GSK2793660 did not manifest any skin abnormalities (un-
published observations: GSK2793660 Investigator’s Bro-
chure, GSK data on file). Patients with PLS manifest skin
lesions that range from scaly skin to hyperkeratosis; these le-
sions typically develop between the ages of 6 months and
4 years [9]. The relatively rapid occurrence of the epidermal
peeling in this clinical trial suggests a previously unidentified
and important role for CTSC or one or more of its substrate
proteins in the development and maintenance of the integ-
rity of plantar and palmar epidermal surfaces; it has been pos-
tulated that CTCS may be important in the processing of
proteins such as keratins [22].

The physical appearance of the desquamation was remi-
niscent of acral skin peeling, a genetic condition resulting
in palmoplantar peeling. Other observations of palmoplantar
peeling without erythema or inflammation include some case
studies of sirolimus treatment, some infections and certain
tyrosine kinase inhibitors [23]. One preliminary study of ge-
netic acral skin peeling found altered proteolytic activity
and kallikrein (KLK5) expression in skin from patients [24].
The specific mechanism by which cathepsin C inhibition by
GSK2793660 leads to skin peeling would require more work
to elucidate, but numerous proteolytic activities contribute
to maintenance of skin differentiation and integrity, perhaps
including cathepsin C expressed in keratinocytes.

The results of the clinical study with GSK2793660 suggest
that relatively high levels of pharmacologic CTSC inhibition
can be achieved with a CTSC inhibitor in humans but this
does not translate to a significant effect on downstream NSPs
within 21 days. In addition, high CTSC inhibition was associ-
ated with epidermal desquamation on the palmar and plantar
surfaces in most subjects who received GSK2793660 once a
day for 21 days. This finding will need to be considered for
subsequent development of CTSC inhibitors. Recently, an-
other CTSC inhibitor entered clinical development
(AZD7986, clinicaltrials.gov identifier NCT02303574). It will
be important to see how the results with AZD7986 compare
with those of GSK2793660.
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